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[57] ABSTRACT 
There is provided a method and an apparatus for assign 
ing a radio channel between base and mobile stations in 
a mobile communication system, which provide advan 
tages of ?rst available and reuse partitioning systems 
and do not cause as great a proportional increase in a 
processing amount as an ARP system. A radio zone is 
divided into a number of regions having the same area 
which is equal to channel number N, usable in an entire 
system by concentric circles centering on a base station 
12. Channels 1 to N; are allotted to the respective re 
gions. Upon the issuance of a channel assignment re 
quest, a channel corresponding to the region where the 
mobile station is located or its neighboring channels is 
assigned preferentially. 

17 Claims, 16 Drawing Sheets 
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METHOD AND APPARATUS FOR ASSIGNING 
RADIO CHANNELS IN MOBILE 
‘COMMUNICATIONS SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method and an apparatus 

for assigning radio channels between base stations (BSs) 
and mobile stations (MSs) in a mobile communication 
system such as an automobile telephone system or a 
portable telephone system. 

Recently, the number of people who want to sub 
scribe to a mobile communication system such as an 
automobile telephone system or a portable telephone is 
increasing. However, there are only limited frequency 
bands available for this purpose. In view of this, it is 
required to meet this large demand by effectively utiliz 
ing the limited frequency bands available. 

2. Description of the Related Art 
In a mobile communication system such as an auto 

mobile telephone system or a portable telephone sys 
tem, in order to respond to a demand which is increas 
ing year by year, the area (zone or cell) covered by each 
BS is reduced by subdividing the zone and the utiliza 
tion of frequencies is enhanced by repeatedly using the 
same frequency band since the interference is small 
between well spaced zones. 
The most easily controllable system of those pres 

ently put into practical use is a ?xed channel assignment 
(F CA) system. According to this system, radio channel 
groups are allotted to the respective zones beforehand 
in a ?xed manner in accordance with wave propagating 
environments and estimated traf?c distribution lest in 
terzone interferences should occur, when the system is 
designed. If a channel assignment requirement is issued 
in response to origination or reception of a call in each 
zone, radio channels are assigned sequentially from the 
radio channel group allotted to that zone. 
However, with the FCA system, it is difficult to ?exi 

bly cope with variation or temporary change of traf?c 
due to a change in demand after the system is built or a 
change in the wave propagation environment caused by 
buildings built thereafter. Further, a division loss, 
which results from the fact that the channels are divided 
into a plurality of channel groups, leads to a limited 
capacity for subscribers. 

Accordingly, in order to ?exibly cope with the traf?c 
variation and the wave propagation environment so as 
to meet an increase in the number of subscribers, a dy 
namic channel assignment (DCA) system is proposed in 
which usable radio channels are not separately allotted 
to the respective zones in the ?xed manner, but are 
treated as resources shared by all of the zones. 
As one type of the DCA system, for example, there is 

proposed a ?rst available (FA) system in which each BS 
autonomously retrieves the radio channels from among 
the shared resources in a random sequence when an 
assignment requirement is issued by the BS in charge of 
the respective zones, and the radio channel which has 
?rst satis?ed an assignment condition is assigned. The 
assignment condition is: the radio channel is not used in 
the BS and has a SNR (signal power to noise ratio) or 
CIR (carrier power to interference ratio) not smaller 
than a reference value. By setting the assignment condi 
tion in this way, more radio channels can be assigned to 
such a zone that must accommodate larger traf?c com 
pared to surrounding radio zones and the division loss 
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2 
which occurs when the F CA system is adopted can be 
avoided since a population of the radio channels from 
which the respective BSs retrieve the assignment chan 
nels includes all the system channels. 
However, since the radio channels are assigned at 

random regardless of the distance between the BSs and 
M85 (or the intensity of relative electric ?eld strength) 
according to this system, the channels whose conditions 
are needlessly good may be assigned. In this system, 
maximizing the accommodated traf?c in the entire sys 
tem is not taken into account. 
More speci?cally, when the MS is relatively close to 

the BS, the received power is high at both the MS and 
BS and the distance of the MS from the neighboring 
zones is ensured to be greater than a speci?ed value. 
Accordingly, it can be ensured that the MS can resist 
interference from neighboring zones and the in?uence 
thereof to the neighboring zones is not higher than a 
speci?ed level. Thus, it is possible to repeatedly use the 
same channel at spatially relatively short intervals be 
cause of less mutual interference between the M85 rela 
tively closer to the BSs. In other words, ef?cient assign 
ment is possible among small size clusters correspond 
ing to areas inward of the zones. Conversely, the same 
channel can be repeatedly used at geographically rela 
tively long intervals for the MSs distant from the BSs, 
i.e. ef?cient assignment is possible among large clusters 
corresponding to areas outward of the zones. 

In a reuse partitioning (RUP) system, a spatially ef? 
cient assignment of radio channels is realized, based on 
this concept, by classifying the MSs into small clusters 
and large clusters in accordance with the distance be 
tween the BS and the MSs, by separately allotting two 
different channel groups to the small clusters and the 
large clusters, and by assigning the channels from the 
respective channel groups. According to this system, an 
average cluster size in overall channels is smaller than 
when the FCA system is adopted. In other words, the 
number of radio channels per one zone can be increased. 
However, with this system, since the radio channel 

groups are allotted to the small clusters and to the large 
clusters in a ?xed manner, only the averaged traf?c in 
the entire zone is increased, but the traf?c cannot be 
accommodated if the traf?c becomes larger than the 
number of channels allotted to one of the clusters, thus 
causing a division loss similar to the FCA system. 
“Autonomous Reuse Partitioning (ARP) in Microcel 

lular Systems” by Kanai, Technical Study Report, 
IEICE, RCS9l-32, 1991, discloses, as one of the FA 
systems, a method according to which a retrieval se 
quence common for all the zones is determined in a 
?xed manner, the respective BSs autonomously retrieve 
channels in accordance with this common sequence, 
and the ?rst found channel is assigned, consequently 
realizing the efficient assignment similar to the RUP 
system. . 

However, with this ARP system, since all the BSs 
retrieve channels in the same sequence regardless of the 
distance between the BS and MS, the number of chan 
nels to be searched increases as the traf?c in the neigh 
boring zones increases. Thus, this system suffers from 
the problem of a longer processing time and an in 
creased frequency of required mutual communication. 

SUMMARY OF THE INVENTION 

As described above, the traf?c to be accommodated 
cannot be maximized according to the FCA or FA 
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system; the problem of division loss arises according to 
the FCA or RUP system; and a processing amount is 
increased according to the ARP system. 

In view of this, an object of the invention is to pro 
vide a radio channel assigning method and an apparatus 
which provide advantages of the FA and RUP systems 
and do not cause a proportional increase in a processing 
amount. 
According to the invention, there is provided a 

method of assigning radio channels between mobile 
stations and base stations in a mobile communication 
system, the radio channels being assignable as resources 
shared by all of the mobile stations, comprising the steps 
Of: 

i) determining correspondence between the radio 
channels and quantized distances between the mobile 
stations and the base stations; 

ii) determining a distance between a mobile station 
_ and a base station between which a radio channel is to 
be assigned; 

iii) determining a candidate for the radio channel to 
be assigned, using the distance determined in the step ii) 
in accordance with the correspondence determined in 
the step i); 

iv) testing whether an assignment condition such that 
the candidate for the radio channel to be assigned is not 
in use in the base station and satis?es a predetermined 
reception condition is satis?ed; 

v) changing the candidate in accordance with prede 
termined order if the assignment condition in the step 
iv) is not satis?ed; 

vi) repeating the steps iv) and v) until the assignment 
condition is satis?ed or all of the radio channels is 
tested; and 

vii) assigning the candidate between the mobile sta 
tion and the base station if the assignment condition is 
satis?ed. 

According to the present invention, there is also pro 
vided an apparatus for assigning radio channels between 
mobile stations and base stations in a mobile communi 
cation system, the radio channels being assignable as 
resources shared by all of the mobile stations, compris 
mg: 
means for storing correspondence between the radio 

channels and quantized distances between the mo 
bile stations and the base stations; 

means for determining a distance between a mobile 
station and a base station between which a radio 
channel is to be assigned; 

means for determining a candidate for the radio chan 
nel to be assigned, using the distance determined by 
the distance determining means in accordance with 
the correspondence stored in the storing means; 
and 

means for retrieving a radio channel which is not in 
use in the base station and satis?es a predetermined 
reception condition, starting from the candidate 
determined by the candidate determining means, in 
accordance with predetermined order. 

Since the ?rst candidate is determined from the dis 
tance in accordance with the correspondence between 
the base station-to-mobile station distance and the radio 
channel, the reuse partitioning can be realized more 
accurately. When the ?rst candidate is already in use in 
the base station or the predetermined reception condi 
tion is not satis?ed due to the high interference level 
because the channel is in use in the neighboring zones, a 
search is made through all the radio channels in accor 
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4 
dance with the predetermined sequence. Therefore, the 
problem of division loss does not occur. Further, since 
the ?rst candidate is determined according to the dis 
tance, the processing amount is not increased in propor 
tion to the traf?c in the neighboring zones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for explaining a method of deter 
mining a candidate channel according to the invention; 
FIG. 2 is a diagram showing an exemplary construc 

tion of a mobile communication system according to the 
invention; 
FIG. 3 is a diagram showing another exemplary con 

struction of the mobile communication system accord 
ing to the invention; 
FIG. 4 is a ?ow chart showing an embodiment of a 

radio channel assigning method according to the inven 
tion; 
FIG. 5 is a ?ow chart showing another embodiment 

of the radio channel assigning method according to the 
invention; 
FIG. 6 is a flow chart showing another embodiment 

of the radio channel assigning method according to the 
invention; 
FIG. 7 is a concept diagram showing a simulation 

condition; 
FIG. 8 is a graph showing a blocking rate characteris 

tic in simulation results; 
FIG. 9 is a graph showing an interference probability 

characteristic in the simulation results; 
FIG. 10 is a graph showing distribution of the used 

channels in the simulation results; 
FIG. 11 is a graph showing effects of TPC in the 

simulation results; 
FIGS. 12A, 12B and 12C are charts for explaining a 

radio channel rearranging method according to the 
invention; 
FIG. 13 is a diagram showing another exemplary 

construction of the mobile communication system ac 
cording to the invention; 
FIG. 14 is a block diagram showing a construction of 

a moving speed detector 30 shown in FIG. 13; 
FIG. 15 is a ?ow chart showing an operation of a 

radio channel assigning apparatus 32 shown in F IG. 13; 
FIG. 16 is a diagram showing another exemplary 

construction of the mobile communication system ac 
cording to the invention; 
FIG. 17 is a block diagram showing a construction of 

a moving distance detector 42 shown in FIG. 16; and 
FIG. 18 is a ?ow chart showing an operation of a 

radio channel assignment controller 44 shown in FIG. 
16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

There is ?rst described an exemplary method of de 
termining correspondence between a BS-to-MS dis 
tance and a radio channel and determining a candidate 
for an assignment channel from the BS-to-MS distance 
in accordance with the determined correspondence. It 
will be appreciated that the BS-to-MS distance is not 
merely a physical distance but a distance obtained by 
adding a factor of wave propagation environments to 
the physical distance. For instance, even when the MS 
is physically close to the BS, the distance is estimated to 
be longer if a wave obstruction stands between the MS 
and BS since a receiver power is weak similarly to the 
case where the MS is distant from the BS. This distance 
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can be estimated based on the intensity of a received 
electric ?eld as described later. However, it is of course 
possible to realize an essential part of the invention even 
when the physical distance is used. 
FIG. 1 is a diagram for explaining an exemplary 

method of determining the correspondence between the 
distance and the radio channel. This ?gure is a concep 
tual plan view of radio zones 14 covered by one BS 12 
out of a multitude of radio zones 14 included in a mobile 
communication system 10. 
The number of usable radio channels in the entire 

mobile communication system 10 is represented by NS. 
As shown in FIG. 1, the respective radio zones are 
divided into NS concentric circles. Radii of the concen 
tric circles are determined so that an area of a portion 
held between two adjacent concentric circles is equal to 
an area of a most inward concentric circle. The radio 
channels corresponding to the respective concentric 
circles are numbered, such that, for example, one corre 
sponding to the most inward radio channel is a ?rst 
channel and one corresponding to a most outward radio 
channel is a Ns-th channel. 
Here are described speci?c examples of determining 

the MS-to-BS distance based on the propagation loss 
and of selecting the radio channel corresponding to the 
determined distance. If a radius of the radio zone is 
represented by R, the area of the portion held between 
two adjacent concentric circles and the most inward 
concentric circle is represented by So; and a radius of 
the n-th concentric circle from the most inward one is 
represented by r,,, 

"SO-‘Whiz (1) 

and 

s0=1rR2/N, (2) 

Accordingly, the radius of the n-th concentric circle is: 

r,,=R(n/N,)%, "=1 to N. (3) 

A ratio of received electric ?eld intensity in an n-th 
concentric circle to that in the most inward concentric 
circle represents a propagation loss using the most in 
ward concentric circle as reference. If the received 
electric ?eld intensity is assumed to be proportional to 
the (-—a) power of the distance, the propagation loss 1,, 
1s: 

If the equation (3) is put into the equation (4), 

(5) 

The equation (5) is expressed in a logarithmic form as 
follows. 

L,, 10 log (1,) (6) 

10 log (mm-'1 + 10 log (n/Ng)"'”/2 

II 

A second term of the equation (6) is a difference of the 
received electric ?eld intensity between the most in 
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6 
ward zone and the most outward zone, and is equivalent 
to a numerical value corresponding to a difference be 
tween maximum received power and minimum re 
ceived power specified in system designing. Accord 
ingly, Ln (n=l to NS) are calculated (quantized) before— 
hand in accordance with the equation (6), and the prop 
agation loss L [dB] is measured upon the issuance of the 
radio channel assignment requirement, and no satisfying 
the following relationship is determined: 

Ln0<L<Ln0+l (7) 

Consequently, the IlQ-th channel is decided as a primary 
candidate for an assignment channel. 
As described in detail later, when the primary candi 

date is already in use in the BS or a speci?ed reception 
condition (to be described later) is not satis?ed due to 
high interference level because this channel is in use in 
a close zone even if this channel is not in use, the search 
is made according to priority given according to close 
ness to the primary candidate channel and the ?rst 
channel found satisfying the condition is assigned. 
By assigning the radio channel in this way, the radio 

channel can be assigned at equal probability for the 
respective radio channels on the assumption that exis 
tence probability of the M55 in the zone is uniform. In 
addition, the MSs having the same radio channel as 
signed thereto are equidistant from the BSs in any zone, 
thus realizing the exceedingly minute reuse partitioning. 

Since these processings are carried out independently 
in the respective zones, a radio channel assigning appa 
rat-us for realizing these processings may be provided in 
each BS or in each mobile communication system 
switching center for connecting a plurality of B55 with 
a switched network. FIGS. 2 and 3 are block diagrams 
showing exemplary constructions of the former and the 
latter respectively. 
FIG. 2 shows the construction of a single BS 12. 

Indicated at 16 is a transceiver provided for each chan 
nel. A communication controller 18 controls the con 
nection of the transceivers with the switching center. A 
radio channel assignment controller 20 assigns the radio 
channels to the MSs covered by the BS where it is 
provided. 
FIG. 3 shows a plurality of B85 12 and a mobile 

communication system switching center 22 connected 
with the BSs 12. A radio channel assignment controller 
24 provided in the switching center 22 receives from the 
respective BSs radio channel assignment requirements 
between the plurality of B55 12 connected with the 
switching center 22 and the M85 existing in the zone 
covered by each BS 12; carries out channel assignment 
processings in a unitary manner; and informs the respec 
tive BSs 12 of assignment results. Even in this case, only 
the processing means is used in common, but the assign 
ment processings themselves are carried out indepen 
dently for the respective BSs similar to the case shown 
in FIG. 2. 
FIG. 4 is a flow chart showing in detail the operation 

carried out in the radio channel assignment controller 
20 (FIG. 2) or 24 (FIG. 3). 
Upon the issuance of the radio channel assignment 

requirement when a call is originated or received (Step 
a), the received electric ?eld intensities Du, Dd are mea 
sured respectively in the BS and MS and the measured 
values are transmitted to the radio channel assignment 
controller (Step b). The “u” subscript denotes “up 
link”, and a “d” subscript denotes “down-link”. The 












